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Abstract

In this study the regional climate model of the German MaarEk-Institute for Meteorology (REMO) is used
to analyse the effect of monthly varying vegetation on theusated climate in Europe. For this investigation
the annual cycle of vegetation is implemented in the lanthsamparameterization scheme of REMO. As input
data source a new global dataset of land surface parametesed. It contains monthly varying vegetation
parameter values for leaf area index, fractional vegetattwver and background surface albedo. This dataset
is adapted to both standard REMO model domains at 0.5 degds@ & degree horizontal resolution focusing
Europe. For both resolutions present-day climate sinuaratiare performed to examine the sensitivity of
REMO to the modified vegetation parameterization. The satimuh results are compared to corresponding
reference simulations where vegetation parameter valte$ield constant in time. A validation is done
by the comparison of the model results with several griddesko/ational datasets. A significant influence
of monthly varying vegetation on the regional climate candeenonstrated. Vertical surface fluxes, near
surface temperature and precipitation are strongly aftecthe temporal analysis of the results reveals that
the vegetation effect on the simulated climate occurs mamnihe summer season. In general, the simulated
near-surface climate becomes cooler and wetter duringrtiveing season. Concerning the spatial resolution,
main effects can be detected in eastern Europe and the Handmrlands. In these regions the more realistic
vegetation treatment improves the simulated mean anncl<pf 2 m temperature and precipitation with
respect to the observations.

Zusammenfassung

In dieser Studie wird mit dem regionalen Klimamodell des MAanck-Instituts fir Meteorologie (REMO)
der Einfluss zeitlich variierender Vegetation auf das sientd Klima in Europa untersucht. Dazu wird in
das Landoberflachenschema des Modells der Jahresganggigtatien integriert. Als Datenquelle wird ein
neuer globaler Datensatz fur Landoberflachenparameterevelet. Er enthalt monatliche Werte der Vegeta-
tionsparameter Blattflaichenindex, fraktionelle Vegetatbedeckung und Oberflachenalbedo. Diese globalen
Daten werden an die beiden Europa fokussierenden REMQi&t@modellgebiete mit der horizontalen Auf-
I6sung von 0,5 Grad und 0,16 Grad angepasst. Um die Setittitiés Regionalmodells REMO auf die modi-
fizierte Vegetationsparameterisierung zu untersucherjemeregionale Klimasimulationen fur beide hori-
zontale Auflésungen durchgefiihrt. Die Simulationsergesmiwerden mit entsprechenden Referenzlaufen
verglichen, in denen zeitlich konstante Jahresmittebvéit die Vegetationsparameter verwendet werden.
Weiterhin wird eine Validierung mit verschiedenen Beoliansdatensétzen vorgenommen. Ein signifikan-
ter Einfluss zeitlich variierender Vegetation auf das regie Klima kann gezeigt werden. Besonders stark
sind die Oberflachenflisse, die bodennahe Temperatur urdielderschlag beeinflusst. Die zeitliche Ana-
lyse der Simulationsergebnisse zeigt, dass der Vegesafiil@kt hauptséachlich im Sommer auftritt. Wahrend
der Vegetationsperiode wird das bodennahe Klima kihlerfandhter. Die rAumliche Analyse der Ergeb-
nisse zeigt den Haupteffekt zeitlich variabler VegetatiorOsteuropa und der ungarischen Tiefebene. In
diesen Regionen werden die simulierten mittleren Jahreggéder Temperatur und des Niederschlags durch
die Einflhrung der zeitlich variierenden Vegetation imgfeich zu den Beobachtungsdaten verbessert.

1 Introduction tion cover controls transpiration by leaf stomatal con-

ductance and evaporation by interception of water or
Vegetation strongly modifies the earth surface charage skin of the canopy. Evapotranspiration determines
teristics. They determine the exchange processes of g partitioning of the vertical turbulent heat fluxes into
ter, energy and momentum between the land surfaggent and sensible heat. They are the main mecha
and the atmosphere. To specify some important piifisms to return energy from the surface into the at-
cesses: The surface albedo influences the short waygsphere and influence convective processes and tt
radiation budget. Surface roughness changes the wisindary layer structure. These surface processes co
in the planetary boundary layer. The density of vegetgolled by vegetation properties are responsible for nea
*Corresponding author: Diana Rechid, Max-Planck-Insifor Me- surface atmOSphenC conditions, such as surface tem
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to other physical processes in the atmosphere. Nadapted to the regional model. The modified model ver-
merous studies demonstrate the importance of lasidn of REMO enables us to investigate the impact of
surface characteristics for surface-atmosphere interaeasonally varying vegetation on the simulated climate
tions and the relevance of these processes for dii-Europe.

mate at all scales in space and time (e.g.ISSAR
and VERSTRAETE 1990; FLLERS, 1991; RELKE et .
al., 1998). Several investigations address the sign@i- Model description
cance of different surface parameters in atmospheﬂ'c1
modelling (e.g. 8UKLA and MINTz 1982; MINTZ :

1984; QD et al., 1988; 8§D et al., 1990; RWN- The regional climate model REMO Ados and
TREE, 1991; HENDERSON-SELLERS, 1993; RELKE et popzun, 1997; Acos et al., 2001) is based on the
al., 1997). Sensitivity studies @LLINS and A/ISSAR,  “Europamodell”, the former numerical weather predic-
1994; FODRIGUEZ-CAMINO and A/ISSAR, 1998) esti- tion model of the German Weather ServiceAMwsk|,
mate the relative importance of land-surface parametersg1). Further development of the model took place
The vegetation properties leaf area index (LAl), rouglkit the Max-Planck-Institute for Meteorology, where
ness length and surface albedo turned out to be doming physical parameterizations from the global climate
parameters for climate model simulations. model ECHAM4 (ROECKNERet al., 1996) were imple-

A number of recent studies analyse the feedback @knted. The prognostic variables are surface pressure
vegetation variability on the climate system. How langémperature, horizontal wind components, specific hu-
use change can influence the simulated climate is exidity and cloud water. Their calculations are based on
amined for example by BNAN (1997); STOHLGREEN the hydrostatic approximation. The model equations are
et al. (1998) or GIASE et al. (2000). BUNOUA et al. formulated in a rotated spheric coordinate system. The
(2000) investigate the sensitivity of climate to changgfiodel can be used in the forecast mode or in the cli-
in vegetation density induced by natural decadal clinate mode. In the climate mode continuous runs for
mate variability using a coupled biosphere-atmospheshg time periods up to decades are carried out with up-
model. They find that increases in vegetation density igates of the lateral boundaries every 6 hoursc@B,
sult in cooler and moister near-surface climate. In clp001). The regional model is nested into the driving
mate models themselves, the temporal variability of vegields. These lateral boundary conditions are provided by
etation is often not explicitly specified or simulated. Rexnalysis/reanalysis data or by global climate model re-
cent efforts to consider the annual cycle of vegetatigilts. A relaxation scheme according te\DES (1976)
in a global climate model are done by\WRENCE and s used to adjust the prognostic variables prescribed by
SLINGO (2004a, 2004b). They prescribe the vegetatiane boundary fields in a zone of the 8 lateral grid rows.
annual cycle on the basis of satellite estimates of LAls lower boundary values land surface characteristics
and they adjust some model parameters in several sefa surface temperature and sea ice distribution are pre
sitivity studies to strengthen the relationship betweegribed during the whole model simulation (for more
evaporation and vegetation state. They find that an afetails about initialization and boundary conditions see
nual cycle of vegetation reduces surface temperaturessiemmMLER et al., 2004). The horizontal discretization is
extratropical regions during both the summer and wigone on the Arakawa-C-grid. The generally used hori-
ter season. Where the magnitude of LAl values is epontal resolutions are 0.5 degree and 0.16 degree co
hanced, precipitation increases. In the study ofdnd responding approximately to 55 km and 18 km grid
SHUTTLEWORTH (2002), vegetation phenology is assize, respectively. The vertical discretization is done in
similated into the climate version of the regional atmex hybrid coordinate system (i@vONS and BURRIDGE,
spheric modelling system (ClimRAMS) in the form 0f1981). The time-stepping is leap-frog with semi-implicit
LAl estimates derived by the normalized difference vegorrection and Asselin-filter.
etation index (NDVI). They conclude that the effect of
enhanced heterogeneity dominates over the effect of 2 | and surface parameterizations
reduced magnitude in LAl fields.

In the present study a mean annual cycle of vetir REMO version 5.0, which is used for the model sim-
etation is prescribed to the regional climate modelations in the present study, thermal and hydrologi-
of the German Max-Planck-Institute for Meteorologgal processes in the soil are based on parameterizatio
(REMO) as temporally varying boundary condition. It ischemes of ECHAM4 (DKRZ, 1993;d¥CKNERet al.,
derived from a global dataset of land surface parametd®96). Soil temperatures are calculated from diffusion
constructed by HGEMANN et al. (1999) and WGE- equations solved in five discrete layers with zero heat
MANN (2002), that contains monthly fields of fractionaflux at the bottom (10 m depth) according to the scheme
vegetation cover, LAl and background surface albedof WARRILOW et al. (1986). The heat diffusion in the
which is the albedo over snow-free land areas. They a&@il depends on heat capacity and thermal conductivity

Basic characteristics
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of the soil. Soil hydrology is parameterized in three wa-
ter budget equations for the temporal alteration of water
storage in the soil related water reservoirs, namely snow,
vegetation and bare soil. The runoff-scheme is based ®
on catchment considerations including sub-grid scale
variations of field capacity over inhomogeneous terrain
(DUMENIL and ToDINI, 1992). The vertical turbulent
surface fluxes are calculated fromdWiN-OBUKHOV
similarity theory (Louls, 1979) with a higher order clo-
sure scheme for the transfer coefficients of momentum,
heat, moisture and cloud water within and above the
planetary boundary layer. =
The land surface processes are controlled by physi- |
ological vegetation properties. In REMO they are rep- *°]
resented by the vegetation parameters leaf area index |
(LAI, here the ratio of one-sided leaf area to ground 5.
area), fractional vegetation cover (here fraction of pho-
tosynthetically active vegetation), background surface
albedo, surface roughness length due to vegetation, for- 207
est ratio and water holding capacity. In the present study, )
monthly varying fields are introduced to the parameters ,,]
LAI, fractional vegetation cover and background sur-
face albedo. Water holding capacity (depending on plant
rooting depths) and forest ratio (used as a constant stem
index) are not or only marginally affected by the annual

: : [ [
vegetation cycle. Surface roughness length is kept con- o260 360 00 560 1000 a0 o
stant. A possible impact of temporally varying rough- [m]

n:f; dlienngt]t]ur(:#; t;l}/(jege\}vaé[lggr:i S)Lar;réte;ll:o St?enli:c]i\éea‘?—liéure 1: REMO model orography [m] at 0.5 degree resolution with
9 Y. P y'sig IEuropean subdomains: 1 Iberian peninsula, 2 south-eddexiter-

effects on the simulated climate, because total surface . .
roughness length is dominated by the orographic Ve 8 Alpine region, 4_We5tem Eumpe’.scemral E‘.J@"*’St‘
ance in most regions. ern Europe, 7 W.estern Balltlc, 8 eastern Baltic, 9 Hlungaumidnds,

To provide a basis for later discussions of the StU&}Q model domain area without the 8 boundary grid boxes.
results, surface processes related to the modified param-
eters are now briefly introduced. The background Sy gne jayer of leaf or bare ground. It is taken to be 0.2
face albedo is the albedo over snow-free land areas. Oygf, Evaporation from the skin reservdi ) is at the
snow and sea, surface albedo is modified by surface CBBtentiaI rate:
ditions during the model integration time. It determines
the short-wave radiation budget at the earth surface. The
vegetation cover ratiG, is assigned to each surface grid Er=p-Ch-|vnl - (Qv — G) (2.3)
box. It determines the fraction of grid area where veg- p is the air densityCy is the transfer coefficient for
etation properties take effect on surface exchange pge; andv, the horizontal velocityq, is the specific

cesses. The_ LAI in particular affects interception aneha_surface humidity angs is the saturation specific
evapotranspiration through stomatal conductance. '”tﬁ[rmidity at surface temperature and surface pressure

cepted water goes mto_the.skln reservoir, which det§fyanoration from dry vegetated areas is called transpi
mines the wet skin fractio@;: ration. It is proportional to the evaporation efficierey

G =min (1.5t 2.1) E—epCowl(d-a)  (24)

11,8

with Based on 8LLERS et al. (1986), the evaporation effi-
ciencyeis expressed as a function of stomatal resistanc

Wime =Wmax(1-C,)+Cy-LA)  (22) R

W is the prognostic variable for the skin reservoir e=(1+Ch-|vy|-R! (2.5)
contentWm is the maximum skin reservoir content and
Wimax is the maximum amount of water that can be held with
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Figure 2: New annual cycle of leaf area index compared to referencstanhvalue area-averaged over the European subdomains.

b-c
Ro =2t
R= FWG) (2.6) c-PAR
The photosynthetically active radiatiofPAR) is
The water stress factd¥(Ws) is an empirical func- taken as 55 % of the net surface short wave radiatior
tion of the available water in the root zongy is the and the standard parameter values kre0.9,a = 5000
minimum value of the stomatal resistance: Jm 3, b=10Wm2,¢c=100sn™.

(2.8)

2.3 Study design

1 1 b d-etA 11 d+e kA

%ZH'(d.pAR' n( dr1 )_ ”(W)) In this study the annual cycle of vegetation is im-
2.7) plemented in the regional climate model REMO. The

where vegetation cycle is derived from a global dataset of
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Figure 3: Seasonal mean JJA 1979-1993 of negative (left panel) anipdsight panel) change in surface temperature [K] duetmthly
varying vegetation. The difference VEG-0.5 — REF-0.5 idtpl.

land surface parameters AHEMANN et al., 1999; tion, the monthly values are interpolated for the 5 min-
HAGEMANN, 2002). These data fields are based arnes model time step at 0.5 degree horizontal resolutior
the global distribution of major ecosystem types aend for the 2 minutes model time step at 0.16 degree
cording to the definitions given by IGoON (1994a, resolution.
1994b). This global dataset of land use classes was de-To investigate the sensitivity of the regional model
rived from Advanced Very High Resolution Radiometetio the modified vegetation parameterization model sim-
AVHRR data at 1 km resolution supplied by the Intemnlations for both horizontal resolutions with 20 verti-
national Geosphere-Biosphere Programpg®SHINK cal atmosphere levels are performed. The model run &
and FAUNDEEN, 1994) and constructed by the U.S0.5 degree resolution (VEG-0.5) simulates 15 years o
Geological Survey (1997 2002). For each land usetoday’s climate (1979-1993) driven by lateral bound-
class parameter values for background surface albedn; conditions and sea surface temperatures from th
fractional vegetation cover, leaf area index, forest ratiBuropean Centre for Medium-Range Weather Fore-
roughness length and soil water holding capacity are aksts (ECMWF) Reanalysis Project (ERA-15). The 0.16
located. The global datafields are adapted to the 0.5 degree resolution run (VEG-0.16) simulates 5 years
gree and 0.16 degree standard model domains of RENIK984—-1988) driven by the 0.5 degree run results. The
focusing on Europe (RcHID, 2001). The monthly veg- simulation results are compared to corresponding ref:
etation values for fractional vegetation cover, LAl andrence runs with temporally constant vegetation inpuf
background surface albedo are estimated by a glo®EF-0.5 and REF-0.16). The evaluation of VEG-0.5 is
data field of the monthly growth factor, which deterdone for several subdomains representing different Eu
mines the growth characteristics of the vegetation ar@pean climate regions. The 0.5 degree model domai
horizontal resolution of 0.5 degree ldEMANN, 2002). and the European subdomains superposed on the moc
This method enables the preparation of an annual vegesgraphy are presented in Figure 1. For all data anal
tation cycle that remains consistent with all land surfagses only the land area of the different regions is con-
parameter values used in the model. These monthly veglered. As example the new annual cycle of LAI for all
etation fields are prescribed to the model as temporalfyiropean subdomains in comparison to the former an
varying boundary conditions. During the model simulazual mean LAl value is presented in Figure 2. In all Eu-
ropean subdomains the LAI shows lower values during
1G1obal land cover characteristics data base. winter and higher values during summer in cc_)mparison
http:// edcwww.cr.usgs. gov/landdaac/glcc/globe_tnilh f[O the former mean LAl v_alues. The largest differences
2Global land cover characteristics data base version 2.0. in summer season occur in eastern Europe. The consta
http://edcdaac.usgs.gov/glcc/globedoc2 0.html annual mean value of the reference simulation is slightly
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Figure 4: Seasonal mean JJA 1979-1993 of negative (left panel) aritiveagight panel) change in precipitation [mm/month] dioe
monthly varying vegetation. The difference VEG-0.5 — REB48 plotted.

different from the temporal average of the varying LAIh winter time (not shown), but in the summer season
because the minimum and maximum LAl values are ca-substantial increase in precipitation over the land sur:
rected for some ecosystem typesaEMANN, 2002). face area of the whole model domain can be detected
But as the annual LAI cycles still exhibit a realistic variup to 40 mm/month in eastern Europe and the Alps (Fig-
ation compared to the reference constant annual means4). As in the case of surface temperature and precip
with clearly lower values in summer and larger valugtation all investigated parameters respond to temporally
in winter, the influence on the regional climate can b&rying vegetation mainly during the summer season. In

attributed to the monthly varying vegetation. summer vertical exchange processes dominate advectiv
) ) processes. High solar radiation input to the earth surfac
2.4 Results and discussion leads to intensive exchange processes of energy at tr

land surface which are strongly controlled by land sur-

To analyse the simulation results, time series of mont L . :
y é(ce characteristics. In contrast, during the winter seaso

means are calculated and averaged over the 15 YQ&\¥ solar radiation input, dominant large-scale weather

simulation time period in terms of mean annual cycles. .. .
and seasonal mrc)aans Mean annual cveles are Ic?;te 8o|nd|t|ons and snow cover deactivate the control of lanc

. Y > P Jlace processes by vegetation properties. Over sea ¢
area-averages calculated for the model domain and ihe

Lo — .eas there is only a slight change in precipitation. This in-
European subdomains introduced in Figure 1. For al IHg:ates, that the vegetation effect is mainly restricted to

vestigated regions only land surface area is considerﬁ,'e. land area, where the vegetation parameter values a

To examine the influence of resolution some selected {7 ey The effect on large-scale atmospheric circula-

sults of_VEG-O.5 are compared to VEG-0.16 and thPTllrons is marginal. We also analysed the mean sea leve
respective reference runs.

pressure and the 850 hPa geopotential (not shown). Th
25 Seasonal means new vegetation treatment does not cause any noticeabl
changes in these parameters. Moreover, the biases cor
During the summer season (June-July-August, JJA) thared to the input data from the ECMWF reanalyses are
effect of the annual vegetation cycle reduces the meawen larger with one order of magnitude in some regions
surface temperatures in the north-west of Spain, (not shown). Altogether, the new vegetation scheme ha:
central and especially in eastern Europe up to —2 6 impact on the large scale pressure regimes.
(Figure 3). In winter time (December-January-February, As described in section 2.2 fractional vegetation
DJF) the surface temperature is almost not affected égver and LAI directly control the evapotranspiration
temporally varying vegetation (not shown). The se@rocesses. During the summer season increased valu
sonal means of precipitation are also mostly unaffectefl fractional vegetation cover and LAl raise transpi-
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Figure 5: Seasonal mean JJA 1979-1993 of negative (left panel) artivpdsight panel) change in evapotranspiration [mm/ndriue
to monthly varying vegetation. The difference VEG-0.5 — REbB is plotted.

ration. The simulated surface evapotranspiration (Figre 2 these are the regions with the largest LAI dif-
ure 5) does significantly increase over major parts of tfierences in summer. Besides, the continental climate ir
land surface. Strongest changes occur in regions, wheastern Europe is characterised by relatively high tem
the LAI shows significantly higher values compared tperatures and low precipitation in summer. High solar
reference (Figure 2). Accordingly, the surface latent heaidiation input leads to intensive vertical exchange pro-
flux is increased over major parts of the European landsses at the earth surface which are determined by tf
area whereas the surface sensible heat flux is decreasadace properties. Thus, the altered vegetation parame
Soil wetness is reduced over some parts of Europe tap values strongly influence the simulated climate in this
to 25 % (not shown), because more water leaves tBaropean region. On the Iberian peninsula, the larges
soil through transpiration. Together, raised evapotradifferences in surface temperature appear in May. In this
spiration and latent heat flux decrease surface tempergion, summer season starts earlier and accordingly
ture and the water content in the soil and increase wateaximum vegetation is already reached in May. In west-
vapour in the atmosphere and therefore precipitation. ern Europe and the western Baltic area surface tempel
atures are almost not affected. In the case of wester
2.6 Mean annual cycles Europe, this can be explained by minor LAI changes
in summer (Figure 2). In the western Baltic land area,
The temporally varying vegetation directly modifies th# contrast, the LAl values are enhanced. But here, the
mean annual cycles of the vertical fluxes of humiditynodified vegetation has only slight effects because thi:
and heat at the surface. Higher LAl values in sunarea is close to the sea. The annual temperature cycle
mer strongly increase evapotranspiration over land (ass distinctive than in other European regions and the
presented in chapter 4.1 and Figure 5). This raises fatmmer magnitude of near-surface temperatures is dic
tent heat fluxes during the summer months up to 8@rnable lower. Evapotranspiration and latent heat fluxe:
W/m? (not shown). Accordingly, sensible heat fluxeare less affected by vegetation due to the lower satura
are reduced and surface temperatures decrease. Figurersdeficit of water vapour in the atmosphere. This re-
presents the differences in the mean annual cycles of ssults in lower temperature differences between VEG-0.-
face temperatures caused by the temporally varying vegrd REF-0.5. Besides, the strongest effect of the west
etation. Most European regions show lower temperatigdy winds on Europe occur on the Norwegian coast.
values during the summer season whereas temperailings, the western Baltic area is dominated by large scals
in winter is only slightly affected. Strongest changes oweather conditions and regional surface characteristic
cur in eastern Europe and the Hungarian lowlands wigine of secondary importance.
differences up to —1.7 K in June. As illustrated in Fig-
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Figure 6: Mean annual cycle 1979-1993 of change in surface temperflidue to monthly varying vegetation area-averaged dver t
European subdomains. The difference VEG-0.5 — REF-0.®iteul.

The new vegetation treatment strongly influences tkemposed in Figure 8. In plot 8a and 8b precipitation
simulated annual precipitation cycle in Europe (Figs separated into large scale precipitation and convec
ure 7). In all European subregions precipitation irtive precipitation. It becomes evident that the precip-
creases during the summer months, whereas winter gtation change is only caused by the convective part,
cipitation is not affected. The strongest effects here aladereas the large scale precipitation is not influenced
occur in the continental climate zones. In eastern Europkis means, that vegetation properties have local effect
the largest precipitation differences reach up to +30 mon the vertical exchange processes but not on the larg
in June. In this region with intensive vertical exchangscale atmospheric conditions. The higher LAI values in
processes at the surface in summer the influence of gugnmer increase evapotranspiration up to a difference o
annual vegetation cycle becomes most visible. To €30 mm in June (8d). More leaves intercept more water
plain the vertical interactions between soil-vegetation the canopy which can evaporate from there at the po
atmosphere several parameters for eastern Europetargial rate (see also chapter 2.2). Increased evapotrar
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Figure 7: Mean annual cycle 1979-1993 of change in precipitation [momth] due to monthly varying vegetation area-averaged thee
European subdomains. The difference VEG-0.5 — REF-0.%iseul.

spiration raises the latent heat flux by up to 30 W/mlune. During the following summer months, the soil wa-
(8e). The sensible heat flux decreases by up to 153V/tar in the upper layers is depleted and limits evapotran:
(8f). The soil heat flux is also decreased which becomggiration. The increased water content in the atmospher
evident by lower surface temperature (8c). The surfadees not lead to higher fraction of cloud cover (8h) , but
thermal radiation is reduced by 8 Wanfnot shown). is raising precipitation. Altogether, the water storage in
Whereas the water flux into the atmosphere is highéne soil is reduced and the hydrological cycle is intensi-
less water is stored in the soil (8g). In April after théied.

spring runoff peak the soil water content is filled up al-

most to the same level as in the reference simulation, Buy  |nfluence of horizontal resolution

during the following summer months less water reaches

the soil due to increased interception and more wae investigate the influence of the horizontal model res-
ter leaves the soil through transpiration. The maximuatution to the modified vegetation parameterization a 5
changes in evapotranspiration and precipitation occunjaar long REMO simulation at 0.16 degree resolution is
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e) latent heat flux [W/rf, f) sensible heat flux [W/fi, g) soil wetness [mm], h) fractional cloud cover [0,1]
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Figure 9: REMO model orography [m] at 0.16 degree resolutiofrigure 10: Mean annual cycle 1984-1988 of change in surface tem-

with subdomain central Europe and model domain without Hagyn  Perature [K] due to monthly varying vegetation area-avedagver

zone. central Europe (upper panel) and over the whole model domair
(lower panel). The differences between VEG-0.16 and REB-@nd

between VEG-0.5 and REF-0.5 are plotted. The upper and lowel

performed. The 0.16 degr_ee model domain_SUperpo%ﬂles show the temperature change +/- the standard amsati
on the model orography is presented in Figure 9. TQ, ,ea averages, respectivel.

obtain the mean annual cycles of the simulation results

time series of monthly means are calculated and aver-

aged over the time period 1984—-1988. For the 0.5 degitbe European regions is only marginal. But looking at
run the same temporal average for these 5 years is aahaller areas, the horizontal resolution in combination
culated. The subdomain central Europe and the moedth the annual vegetation cycle does affect the simula-
domain area are chosen exemplarily to compare resuits results. In Figure 12, the horizontal plots of the pre-
of VEG-0.16 and VEG-0.5 in terms of area-averagetpitation differences between VEG-0.16 and REF-0.16
annual cycles. The mean annual cycles of temperatfioe July are posed next to the corresponding difference
and precipitation indicate no significant deviations. Iplots of VEG-0.5 and REF-0.5. The comparison shows
summer, the temperature differences between VEG-0sifilar results for central and eastern Europe, in moun:
and REF-0.16 are slightly lower than the differences b&inous regions they are more structured at 0.16 degre
tween VEG-0.5 and REF-0.5 (Figure 10). In the studgsolution. In the Alpine region there are several grid
at 0.16 degree resolution, the maximum precipitatigroints with lower precipitation values in the VEG-0.16
change is also slightly lower and in the case of the modsginulation, which do not appear at 0.5 degree resolution
domain-average the maximum change in precipitati@iear differences caused by horizontal resolution occul
is reached one month earlier at 0.16 degree resolutiomorthern Europe. In northern Finland and especially a
(Figure 11). The upper and lower curves in Figure e Norwegian coast over sea precipitation is decrease
and 11 show the temperature and precipitation changed/EG-0.16, which is not the case at 0.5 degree resolu:
+/— the standard deviations of the area averages, tien. The positive changes in precipitation are differgntl
spectively. In all cases, the spatial variability incresasdistributed on the Scandinavian peninsula and over the
in summer, but without noticeable differences caus@&hltic Sea in the simulation at 0.16 degree resolution.
by the different horizontal resolutions. Together, the iiA some cases, they seem to be displaced eastward.
fluence of the horizontal model resolution on the are&candinavia, the vegetation effect is superposed by th
averaged mean temperature and precipitation cyclessghoptic scale weather conditions strongly affected by
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Central Europe available for 1979-2000. By using area averages we ex
pect to reduce uncertainties in the observations that ar
caused by location, exposure and altitude of the stations

Figure 13 presents mean annual cycles of the differ-
ences in 2 m temperature between the simulation re
sults and the CRU observations. For all European sub
regions the temperature annual cycle is improved due
to monthly varying vegetation with respect to the ob-
servations. Generally, the simulated annual cycle of 2
m temperature is characterised by a larger amplitude
but due to the vegetation effect summer temperatures c
VEG-0.5 decrease and come to a better agreement wit
Model domain the observations. In eastern Europe temperature value
move about 1.5K closer to CRU data.

The validation results for precipitation are presented
in Figure 14. The mean annual cycles of precipita-
tion for the simulation results of VEG-0.5 and REF-
0.5 and the observational data of CRU and GPCP are
plotted. Together, the model simulations reproduce the
characteristics of the individual precipitation annual cy
cles in the different European subdomains. However,
~20 - some noticeable underestimations in precipitation are

JoF M A M J J A S O N D simulated in the Alpine region in autumn and in the
south-eastern Mediterranean in the winter season. In th
western Baltic area precipitation is discernably overes-
Figure 11: Mean annual cycle 1984-1988 of change in precipitdimated in spring. During the summer season in cen-
tion [mm/month] due to monthly varying vegetation arearaged tral and eastern Europe, the change in precipitation du
over central Europe (upper panel) and over the whole modekito t0 temporally varying vegetation causes an overestima
(lower panel). The differences between VEG-0.16 and REB-and tion of the maximum precipitation. But regarding the

between VEG-0.5 and REF-0.5 are plotted. The upper and low¥&hole annual cygle, the vegetatiqn effect |ead3_ to a bet
curves show the precipitation change +/- the standard tleniaof L€ agreement with the observations. A clear improve-

the area averages, respectively. ment of the precipitation annual cycle can be detectec
in the Hungarian lowlands. Here the vegetation effect
produces the correct maximum precipitation and an im-
the westerly winds. Here, the horizontal model resolproved annual precipitation cycle. In this region, an arti-
tion in combination with the modified vegetation treafficial summer drying problem is simulated by many cli-
ment leads to changes in the mesoscale atmosphericwiate models (HGEMANN et al., 2001, ENEVIRATNE

VEG-0.16 — REF-0.16  ........ VEG-0.5 — REF-0.5

culation. et al., 2002). With the more realistic treatment of vege-
tation the summer drying is reduced, but in late summel
28 Validation and autumn, it remains.

To quantify the validation results presented in Fig-

Observational datasets used for validation purposes 4fé 13 and 14, the mean absolute deviatia)etween
extracted from the Climate Research Unit analyses vEi€ model resultsn) and the observations)are calcu-
sion 2.0 (CRU, MTCHELL et al., 2004, Nw et al., ated:

2000) and the Global Precipitation Climatology Project

n
version 2.0 (GPCP, HFFMANN et al., 1997). dy = 1 zi|mxyi — Oy (2.9)
The CRU dataset provides global 2 m tempera- =
ture and precipitation fields in terms of time series of sy cos(lat(x,y)) - Oy
monthly means for the time period 1901-2000 at 0.5 _x (2.10)
degree horizontal resolution for land surface area. The S cos(lat(x,y)) '
Xy

temperature and precipitation fields are based on gauge

measurements. The GPCP precipitation dataset is glob-dy, is the mean absolute deviation for the timeseries
ally gridded data at 2.5 degree resolution based on gawfenonthly means at each grid point. The indieeand
measurements over land and satellite data over sea. Vtepecify the graduating and gives the month of the
GPCP precipitation values are corrected for undercatahnual cycle. To determine the area averages for the EL
of gauge stations. Time series of monthly means a@pean subdomains, the mean absolute deviations at
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Figure 12: Monthly mean July 1984—-1988 of negative (upper panels) asdipe (lower panels) change in precipitation [mm/morthg
to monthly varying vegetation. The differences VEG-0.16EHR.16 (left panels) and VEG-0.5 — REF-0.5 (right panais)motted.

weighted by the cosine of the grid point latitudatj. root of the number of time steps. The standard efebr

The significance of the vegetation effect on the sinfier the area averages over divers grid points is calculatet

ulation results can be estimated by the standard erfimm the error of the timeserigsd,ywith error propaga-

(Ad) of the mean absolute deviation. The standard ertiown:

for the timeseries at each grid poirfid,) of monthly n
\/n(n -1)

. . . n
means is the quotient of standard deviation and squareAdXy _ Zl(lmm' — O] — dxy)2 2.11)
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Figure 13: Mean annual cycles 1979-1993 of differences in 2 m temperdkj between VEG-0.5 and CRU and REF-0.5 and CRU,
area-averaged over the European subdomains.

ogy is overpowered by the synoptic scale weather condi:
tions. Concerning precipitation, the deviations increase

lat 2 in the Baltic and the Mediterranean area; central anc
rd= | _cos(lat(x,y)) " (2.12) eastern Europe including the Hungarian lowlands show
& XZyCOS(l at(x,y)) improved resullts.

The results are composed in Figure 15. The veg%:'—9 Summary and conclusion

tation effect leads to a significant improvement in 2 mhis study shows that including the annual cycle of veg-
temperature for all European subdomains except for thation in the regional climate model REMO does in-
Iberian peninsula and the Alpine region. On the Iberidluence the simulated climate in Europe. The more re-
peninsula the mean absolute deviation increases as vdilistic description of vegetation variability strongly- af

ter 2 m temperatures are underestimated. In the Alpifexts the water and energy fluxes at the land surface. Th
region the mean absolute deviation becomes smaller, lised LAl values and fractional vegetation cover during
not significantly. Here, the effect of vegetation phenothe growing season directly increase evapotranspiratior
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Figure 14: Mean annual cycles 1979-1993 of precipitation [mm/morthpfiodel results of VEG-0.5 and REF-0.5 and observational da
of CRU and GPCP, area-averaged over the European subdomains

and therefore latent heat flux, whereas sensible heat fhatameter values. The simulated climate in the wester!
is decreased. These changes lead to lower surface t&mropean regions close to the sea are less affected &
peratures and increased precipitation during the sumntlee modified vegetation parameterization due to dom-
season. In all European regions the vegetation effect atating large scale weather conditions. The evaluatior
curs mainly in the summer season when exchange pofthe model simulation at 1/6 degree resolution shows
cesses of mass and energy at the land surface are napgiroximately the same vegetation effect on the area
intensive and strongly controlled by land surface propverage climate. In the horizontal view, the results are
erties. The simulated climate for the winter season risore structured and in some regions the spatial precip
only slightly affected. The spatial analysis of the resultgation distribution is changed due to the higher resolu-
show main effects in eastern Europe and the Hungaridgon. Especially in northern Europe the mesoscale atmo
lowlands, where the continental climate with intensivepheric circulation is affected by the horizontal model
vertical exchange processes at the land surface duriegolution in combination with the modified vegetation
summer is strongly determined by the altered vegetatittleatment. The validation of the modified model version
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Iberian peninsula South—eastern Mediterranean

REF-0.5 VEG-0.5 REF-0.5 VEG—-0.5
P:CRU2 12.47/0.21 13.74/0.23 P:CRU2 18.42/0.32 19.14/0.35
P:GPCP 14.03/0.24 15.21/0.26 P:GPCP 21.12/0.34 22.35/0.37
T:CRU2 0.96/0.014 1.01/0.015 T:CRU2 1.64/0.028 1.56,/0.026
Alpine region Western Europe

REF-0.5 VEG-0.5 REF-0.5 VEG—-0.5
P:CRU2 34.48/0.57 33.77/0.59 P:CRU2 19.64/0.33 19.37/0.34
P:GPCP 30.27/0.52 31.62/0.56 P:GPCP  15.05/0.23 15.51/0.23
T:CRU2 1.72/0.033 1.69/0.033 T:CRUZ2 0.95/0.012 0.80/0.011
Central Europe Eastern Europe

REF-0.5 VEG-0.5 REF-0.5 VEG—-0.5
P:CRU2 19.26/0.23 18.34/0.23 P:CRU2 14.17/0.14 13.03/0.15
P:GPCP 20.57/0.23 19.87/0.23 P:GPCP 13.93/0.15 12.82/0.15
T:CRU2 1.47/0.015 1.26/0.014 T:CRU2 1.92/0.019 1.57/0.016
Eastern Baltic Western Baltic

REF-0.5 VEG-0.5 REF-0.5 VEG—-0.5
P:CRU2 15.47/0.14 16.37/0.15 P:CRU2 17.50/0.21 18.80/0.22
P:GPCP 14.39/0.15 15.02/0.15 P:GPCP 18.10/0.24 19.05/0.23
T:CRU2 1.43/0.012 1.33/0.013 T:CRU2 1.21/0.014 1.18/0.013
Hungarian lowlands Model domain

REF-0.5 VEG-0.5 REF-0.5 VEG—-0.5
P:CRU2 15.52/0.30 13.77/0.25 P:CRU2 17.22/0.073 17.63/0.079
P:GPCP 19.18/0.25 18.00/0.27 P:GPCP 17.45/0.074 18.03/0.078
T:CRU2 1.94/0.032 1.71/0.027 T:CRUZ2 1.49/0.006 1.37/0.006

Figure 15: Statistical parameters of the mean annual cycles (1979)X82 m temperature and precipitation for VEG-0.5 and REF#0
comparison to CRU and GPCP, area-averaged over the Eurgpbdomains. P:CRU2: mean absolute deviation/error inatation for
REF-0.5 and VEG-0.5 compared to CRU, P:GPCP: mean absautatidn/error in precipitation for REF-0.5 and VEG-0.5muared to
GPCP, T:CRU2: mean absolute deviation/ error in 2 m tempezdor REF-0.5 and VEG-0.5 compared to CRU.

shows that the simulation results are generally in goetling group at MPI-M at this time. In most cases, the
agreement with the observations. The statistical anabffects on precipitation and temperature are of the sam
sis of the vegetation effect indicates a significant inorder of magnitude as the effect of the altered vegetatior
provement of the annual 2 m temperature cycle. Coparameterization (not shown). The implementation of an
cerning precipitation, central and eastern Europe incluagilnual vegetation cycle improves the representation o
ing the Hungarian lowlands show significantly improvedegetation in the model. However, its effect can be su-
results. But in southern and northern Europe the devjgerposed by uncertainties due to deficiencies in othe
tions slightly increase, especially the summer maximumodel parameterizations as for example in aerosol pro
precipitation values are overestimated. This may poicesses or in the treatment of convective clouds.

to deficiencies in physical parameterizations. Numerous The vegetation effect on the simulated climate is out-
sensitivity experiments with regard to physical paramside the internal model variability, because changes dc
terizations are performed by the regional climate modet show spatial or temporal fluctuations on the con-
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sidered scale but go clearly in one direction. In sunBoNAN G.B., 1997: Effects of land use on the climate of the

mer, precipitation changes are positive and temperaUnited States. — Climatic Chang&, 449-486.

ture changes are negative in all European subregioBS.UGEAULT, P., 1983: A non-reactive upper boundary con-

GIoRGI and B (2000) demonstrate that internal model dition for limited-height hydrostatic models. — Mon. Wea.

variability only minimally affects the mean annual cycle Rev-111, 420-429.

of precipitation and temperature. In our case, we haB@UNOUA L., G.J. OLLATZ, S.0O. LOS, P.J. ELLERS,

strong effects which can be attributed to the modifiedg-A-_DAZ'—'?le C.J. TUf]KER- D.A. RANDA'-LC'I_ZOOS:

vegetation parameters. 2;??22/%20 climate to changes in NDVI. — J. Clim&it8,
Generally, the results of this study are in line with, —————

previous global studies on the influence of intera -'éA\SNE ;JN RA. HEL_KE.’ T.G.F. KITTEL, R. NEMANI,

. s ) . .W. RUNNING, 2000: Simulated impacts of historical land
nual vegetation variability on the simulated climate cover changes on global climate in northern winter. — Cli-
(BounouA et al., 2000, lawrRENCE and S.INGO,  mate Dyn.16, 93-105.

20044, 2004b). In these experiments larger LAl valugg, | \s, D.C., R. A/issaAr, 1994: An evaluation with

also result in cooler and moister near-surface climatethe Fourier Amplitude Sensitivity Test (FAST) of which

Our regional study focusing on Europe now demon-land surface parameters are of greatest importance in a

strates that the climates of the European subregionsiospheric modelling. — J. Climaie 681.

are affected by the annual vegetation cycle in varpavies, H.C., 1976: A lateral boundary formulation for

ing degrees. Related to this work, the study results ofmulti-level prediction models. — Quart. J. Roy. Meteor. Soc

Lu and SHUTTLEWORTH (2002) are quite interesting. 102 405-418.

Their NDVI-derived values introduce more spatial hePKRZ, 1993: Deutsches Klimarechenzentrum: The

erogeneity to LAl fields and reduce the magnitude of ECHAM-3 general circulation model. — DKRZ Techn.

LAI values in comparison to their default model ver- Rep-6, Hamburg. _

sion. In contrast to our study they reduce LAl Va|ue@UMENIL,_ L., E. TODINI, 1_992: A rainfall-runoff scheme

in summer, but in spite of this they simulate cooler andfr Use in the Hamburg climate model. — In: J.PK@NE

wetter climate conditions. They separated the effect oﬁEd')' Advances in Theoretical Hydrology. A Tribute to
; . ames @OGE European Geophysical Society Series on

reduced LAl from enhanced heterogeneity Wh'Ch Iead%ﬂydrological Scienced,, Elsevier Press, Amsterdam, 129—

to warmer and dryer near-surface summer climate. Bufg7.

reduced LAl in combination with enhanced heterogengsensiynk, J.C., J.L. BUNDEEN, 1994: The 1 km

|ty Iead to COO|eI’ and wetter Cllmate COHdItIOﬂS ThUS,AVHRR g|oba| land data set: First Stages in imp|ementa_

their conclusion is that the introduction of increased spation. — Int. J. Remote Sens5, 3443-3462.

tial heterogeneity is the primary cause of the cooler aggbircl, F., X. Bi, 2000: A study of internal variability of

wetter summer climate. In future REMO model studiesa regional climate model. — J. Geophys. RE3S, 29503—

it would be quite interesting to perform a similar sensi- 29521.

tivity study with NDVI-derived LAl fields. HAGEMANN, S., 2002: An improved land surface parameter
dataset for global and regional climate models. — RS6,
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